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Current Approach for 
Toxicity Testing
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Too Many Chemicals Too High a Cost
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Future of Toxicity Testing

Bioinformatics/
Machine Learning
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EPAs Contribution:  The ToxCast Research Program

www.epa.gov/ncct/toxcast
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Key Challenges

•Find the Toxicity Pathways
•Hepato vs developmental

•Obtain HTS Assays for Them
• Including metabolic capability

•Screen Chemical Libraries
• Coverage of p-chem properties

•Link Results to in vivo Effects
• Gold standard and dosimetry
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Implications for Success

•Hazard Identification
•Closing Data Gaps
•Reductions in Cost
•Hypothesis Generation
•Reduced Animal Usage

•Risk Assessment
•Providing MOA(s)
•Targeted Testing 
•Identifying Susceptible Populations

•Ancillary Applications
•Mixtures
•Chirals
•Nanomaterials
•Lot variations
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Phased Development of ToxCast 

FY09$15-20k>400Validation
Data Rich 
Chemicals>300IIa

FY09$15-20k>400ExtrapolationKnown Human 
Toxicants

>100IIb

???

>400

>400

Number of 
Assays

Data poor

Expanded 
Structure and Use 

Diversity

Data Rich
(pesticides)

Chemical 
Criteria

FY11-12

FY10

FY07-08

Target
Date

$10-15k

$15-20k

$20k

Cost per 
Chemical

Prediction and 
Prioritization

Extension

Signature 
Development

PurposeNumber of 
Chemicals

Phase

ThousandsIII

>300IIc

320I

�Affordable science-based system for categorizing chemicals
�Increasing confidence as database grows 
�Identifies potential mechanisms of action
�Refines and reduces animal use for hazard ID and risk assessment
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The ToxCast_320

Classes with 
> 3 chemicals

Misc MOA classes with
3 or fewer representatives

Acetylcholine esterase inhibitors
conazole fungicides
Sodium channel modulators
pyrethroid ester insecticides
organothiophosphate acaricides
dinitroaniline herbicides
pyridine herbicides
thiocarbamate herbicides
imidazolinone herbicides
organophosphate insecticides
phenyl organothiophosphate insecticides
aliphatic organothiophosphate insecticides
amide herbicides
aromatic fungicides
chloroacetanilide herbicides
chlorotriazine herbicides
growth inhibitors
organophosphate acaricides
oxime carbamate insecticides
phenylurea herbicides
pyrethroid ester acaricides
strobilurin fungicides
unclassified acaricides
unclassified herbicides

Misc

Classification based on OPPIN

309 Unique Structures

Replicates for QC

291 Pesticide Actives
9 Industrial Chemicals
8 Metabolites

56/73 Proposed Tier 1 
EDSP

14 HPV
11 HPV Challenge
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Physical-Chemical Properties
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$400 Million Dollars Worth of In Vivo Chronic/Cancer 
Bioassay Effects and Endpoints 
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The Home of TFomics TM

attageneattageneattageneattagene

Nine contracts provide chemical procurement; hundreds of 
biochemical, cellular, tissue and genomic assays; model 

organisms; and the capacity to screen up to 10,000 chemicals 

ToxCast Contracts for Generating HTS 
and Genomics Data

Compound Focus, Inc.
a subsidiary of
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Enzymes

Cell 
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Cell 
Function

Transcription 
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In vitro
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Transformation

Cell 
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Evolution of Phase I

• ToxCast 1.0 (April, 2007)
– Enzyme inhibition/receptor binding HTS (Novascreen)
– NR/transcription factors (Attagene, NCGC)
– Cellular impedance (ACEA)
– Complex cell interactions (BioSeek)
– Hepatocelluar HCS (Cellumen)
– Hepatic, renal and airway cytotoxicity (IVAL)
– In vitro hepatogenomics (IVAL, Expression Analysis)
– Zebrafish developmental toxicity (Phylonix)

• ToxCast 1.1 (January, 2008)
– Neurite outgrowth HCS (NHEERL)
– Cell proliferation (NHEERL)
– Zebrafish developmental toxicity (NHEERL)

• ToxCast 1.2 (March, 2008)
– Organ culture: liver, kidney, lung (Hamner Institutes)
– HTS Genotoxicity (Gentronix)
– Toxicity and signaling pathways (Invitrogen)
– NR Activation and translocation (CellzDirect)
– 3D Cellular microarray with metabolism (Solidus)
– C. elegans (NIEHS)
– Functional markers from microscale cultured hepatocytes (MIT)

+7 Assay Sources
& 123 Endpoints

+3 Assay Sources
& 16 Endpoints

9 Assay Sources
& 412 Endpoints

19 Assay Sources, 551 Endpoints
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NovaScreen Descriptive Statistics (30% Cutoff)
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Dopamine, 
dopamine 
transporter

Estrogen 
Receptor

Glucocorticoid 
receptor

Opioid
receptors

Progesterone 
receptor

Androgen 
receptor

HPTE      

Methoxychlor

Activity Spectrum (Novascreen)

CYP 2C19
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The Home of TFomics TM

attageneattageneattageneattagene

Transcription Factor Activity Profiling

24 nuclear receptors

43 transcription 
factors
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Pyraclostrobin
Inhibits mitochondrial 

electron transport chain
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Cellular Assays

Biochemical Assays

Toxicology Endpoints

Physical chemical properties

Profile Matching

Correlating HTS to Toxicity

Genomic Signatures

In silico Predictions
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ACToR: Aggregated Computational Toxicology Resource

Assay GenomicsDevToxDB ToxMiner

Tabular Data,
Links to Web 
Resources Specialized Toxicology Databases

MicroArray
Data

Data 
Mining

BioRefDB

Biological 
Reference 
Data

Chemical ID, 
StructureChemical

Internet 
Searches

ACToR API

ToxRefDB …

ACToR Web 
Browser
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HTS Data from 
receptor binding 
(Novascreen), single 
gene reporter (NCGC)  
response element 
activation (Attagene) 
for the proposed 
Endocrine Disruptor 
Screening Program 
Priority Chemicals 
contained in the 
ToxCast 320

ToxCast Endocrine Profiling

Estrogen Androgen

Vinclozolin

BPA

(single concentration only for binding and transcription factors)
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Moving Forward

• Completion of Data Acquisition and Data Mining for Phase I

• Publication and Public Release of all Data

• OECD Molecular Screening Initiative (June, Bilthoven)

• Data Summit, Fall/Winter 2008

• Tox21 MOU partnership with NTP/NIEHS and NCGC/NHGRI

• Four Working Groups

• Total of ~7000 chemicals for screening

• Subset to feed Phase II of ToxCast

• Communities of Practice – Prioritization (Dix), Exposure (Hubal)

• EPA Research Strategy

Toxicity Pathways in 
Prioritization

Toxicity Pathways in
Risk Assessment Institutional Transition
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The ToxCast Team

www.epa.gov/ncct/toxcast
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Common Phenotypes in 
Chronic Rodent Studies 
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Comparing Activities by Chemical Class
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Cyproconazole 1 1 1 1 1 0 1 0 0 1 0 0
Difenoconazole 1 1 1 1 1 0 0 1 1 0 0 0
Diniconazole 1 1 1 0 1 0 0 0 1 1 1 0
Fenbuconazole 1 1 0 0 0 0 0 0 0 1 0 0
Flusilazole 1 1 1 0 1 1 0 1 1 NA 1 1
Hexaconazole 1 1 1 1 1 0 1 1 1 NA 1 0
Imazalil 1 1 1 1 1 1 1 1 1 1 1 1
Myclobutanil 1 1 1 1 0 0 0 0 0 NA 0 0
Paclobutrazol 1 0 1 1 0 1 1 0 1 1 0 0
Prochloraz 1 1 1 1 1 1 1 1 1 NA 1 1
Propiconazole 1 1 1 0 0 0 0 1 0 NA 0 1
Tetraconazole 1 1 1 0 1 1 0 1 0 1 1 0
Triadimefon 1 1 0 1 1 1 1 0 0 1 0 1
Triadimenol 1 0 0 1 0 1 1 0 0 0 0 0
Triflumizole 1 1 1 1 1 1 0 1 1 1 1 1
Triticonazole 1 1 1 1 0 1 1 0 0 NA 0 0
Totals 16 14 13 11 10 9 8 8 8 8 7 6

Conazole
Fungicides vs. 
NovaScreen 
Assays


